Respiration and short-term decomposition processes of natural phytoplankton communities collected from eutrophic Lake Kasumigaura were examined eight times in each season from 1983 to 1985 under dark and aerating conditions.
ses are somewhat confused.
The present study was. carried out to clarify these relationships.
The process of phytoplankton decomposition is also important for detritus formation. Algal detritus produced by the decomposition of phytoplankton is the most important detritus for food webs, because of its lower fiber content and higher nitrogen content (MANN, 1988) .
However, studies on detritus formation by phytoplankton decomposition are few (GOLTERMAN, 1972) .
In the present study, respiration and shortterm decomposition processes of natural phytoplankton communities collected from eutrophic Lake Kasumigaura were examined under dark and aerating conditions. Changes in concentrations of several components of algal cells were determined for the estimations of decomposition rate and detritus formation rate, and nutrient regeneration rate was also studied.
Materials and methods
Surface waters of Takahamairi Bay, Lake Kasumigaura, were used for this experiment.
After filtration with NXX 13 plankton net for removal of zonplankton, water samples were poured into a 100-liter plastic tank and maintained under dark and aerating conditions in a temperature controlled room. Aeration was carried out using an airpump with an airstone. Temperature was kept at about the same temperature in the field. Eight different runs were conducted in each season from 1983 to 1985. Experimental conditions are shown in Table 1 . About one liter of water sample was withdrawn from the tank after complete mixing at 0.5-4 days interval. After a portion was taken for analyses of photosynthesis and respiration rates, determination of species composition, enumeration of heterotrophic bacterial number and total phosphorus analysis, the remainder was passed through a Whatman GF/ C or a Millipore AP40 glass fiber filter which was preignited at 450°C for 3 hr. Both the filters holding particulate matter and filtrates were used for chemical analyses.
Photosynthetic and respiration rates and species composition were determined using the methods described in the previous paper (TAKAMURA et al., 1987 (OTSUKI and SEKIGUCHI, 1983; OTSUKI et al., 1987) .
Total inorganic nitrogen (TIN) concentration
was determined by summing the concentrations of NH,-N, NO,-N and NO3-N.
Results

3-1.
Distinction between respiration and decomposition processes
The dominant species were shown in Table 1 for each experiment. eventually decreased, and NO3-N concentration increased. These changes showed that ammonification of organic nitrogen occurred at first, followed by nitrification. Photosynthetic activity maintained relatively high values during the initial 4 days, but then decreased rapidly. The number of total aerobic heterotrophs increased about 10 times during the initial 2-3 days, and then maintained almost the same number. The patterns of these time courses of each parameter for the other experimental runs were similar (see Fig. 1 ). Initial lag periods of each parameter were almost the same in each experimental run (Table 2) , and the concentrations and activities changed rapidly after the lag period. This fact suggests that most of the phytoplankter incubated under dark and aerating conditions were living for the initial several days, but that some thereafter died and decayed. (Table 3 ). In summer, the decomposition rate constants
showed relatively high values. (Table 3 ). In summer The rate ranged from 0.006 to 0.072 mg¥l-1¥d-1 during summer period and fell to nearly zero in winter period. Figure 13 shows the detritus carbon formation. In summer when Microcystis sp. predominated, the rates of detritus carbon formation were very high. The amount of detritus reached 3.4-4.6 mg¥l-1 and hardly changed thereafter except in July 1983. In October and May the formation rates were relatively low, and the amount of produced detritus carbon was about 1.2 mg¥l-1. The ratios of detritus carbon amount to initial POC amount ranged from 12 to 30%. The highest value was observed in July 1984 and the lowest in September 1983. In August 1983 and February 1984, no detritus formation was observed during the experimental period.
Detritus nitrogen formation was also estimated by almost the same method as for detritus carbon. The result is shown in Figure  14 . The amount of detritus nitrogen ranged from 0.22 to 0.55 mg¥l-1, and relatively high values were observed in summer periods. In August 1983 and May 1984 the amounts were relatively low. The ratios of detritus nitrogen amount to initial PON amount ranged from 11 to 24%. The highest value was observed in July 1984. C/N ratios of the produced detritus ranged from 7.2 to 8.0 except in July 1985. In July 1985, the C/N ratio was relatively high at 9.6. These C/N ratios were slightly higher than the values of natural phytoplankton communities before the incubations.
Discussion
Many investigators have studied the decomposition process of phytoplankton. However, the relationship among the respiration, decomposition and nutrient regeneration processes was not clarified.
As shown in Table 2 , the lag periods were observed for the increase of nutrient and the decrease of cell components during the incubation of natural phytoplankton under aerobic and dark conditions. This fact suggested that most of the phytoplankter were living in the initial few days under these conditions.
Since the nutrient regeneration was not observed in this period, the oxygen consumption seemed to be mainly due to the respiration of living phytoplankton. WATANABE and KIMURA (1990) reported that respiration activity was related to the amount of carbohydrate accumulated in the algal cells during light period by photosynthesis. The initial decrease of the respiration rate observed in each experimental run seemed to be due to the consumption of the accumulated carbohydrate in the cells (Fig. 3) .
Since the oxygen consumption rates were rather constant except for July 1984 in the latter period of the incubation, it was difficult to separate the heterotrophic oxygen consumption from the respiration of living phytoplankton.
The nutrient regeneration could not be readily estimated from the oxygen consumption rate.
Therefore, the change in nutrient concentration had to be measured directly to estimate the regeneration rate, and this measurement was useful to distinguish between decomposition and respiration processes of phytoplankton. to 8.3 with a mean value of 6.7. These levels reflected the moderate nitrogen condition for the growth of phytoplankton HENDZEL, 1979, 1980) . Therefore, the amount of released nitrogen may correspond to the amount of decreased PON (Fig. 8 ).
As shown in Figure  10 , the amount of released phosphorus was closely related to that of nitrogen, and released TIN/M-P ratio was estimated as 14. However, this ratio was also related to the N/P ratio of phytoplankton before the incubation (Fig. 11 ). According to HEALAY and HENDZEL (1979, 1980) , N/P ratio from 10 to 20 indicated a moderate P deficient condition. In this condition, released TIN/ PO4-P ratios showed high values of 31 and 73.
This fact indicated that regeneration of phosphorus was inhibited under moderate and severe P deficient conditions in comparison with nitrogen regeneration.
Further investigation is needed for this relationship, because of both insufficient data and range of N/P ratio of phytoplankton.
As shown in Table 3 , decomposition rate constants showed a large seasonal variation. Figure 15 shows the relationship between water temperature and the decomposition rate constant of POC (Kc (HANAZATO and YASUNO, 1987) . However, studies on algal detritus formation were few (MANN, 1988) . It was clarified from the present study that algal detritus was rapidly produced in the initial stage of phytoplankton decomposition, and the rate of detritus decay was relatively low (Figs. 13, 14) .
It was concluded from these results that about 70-90% of cell carbon and nitrogen were easily mineralized to CO, and dissolved inorganic nitrogen, and only about 10-30% changed to detritus carbon and nitrogen. At that time, about 24% (range from 0 to 50%) of cell phosphorus was regenerated in the water in average and the remainder was in the particulate material after about one month incubation of natural phytoplankton under dark and aerating conditions.
